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The work on organic phosphorus compounds which 18 being done at the
Laboratory of Organic Chemistry of Kazan State University leads to or
approaches the synthesis of nerve poisons, as can be seen from the
constitution of the compounds mentioned in this paper and in earlier .
reports of work done at that leboratory. The reactions listed and
described in the series of reports in question are definitely of in-
terest from that stendpoint, both for the synthesis of compounds
which must be assumed to have toxic properties, €.&., perve poisons
and others, and considered within that general field of research,
i.e., leading ¢oO other compounds which have more prouounced or more
specific toxic properties, or are perhaps more volatile and steble.

Introduction

v A preceding report (1} descr\bed tri-beta-methoxy- and +ri-peta-ethoxyethyl
esters of phosphorous acid. These alkoxyethyl esters of phosphorous acid,
through the action of corresponding haldgen-substituted simple ethers, under-
went isomerization and were converted into di -beta-methoxy- and di-beta-etho-
xyethyl esters of beta-alkoxyethylphosphonic acids. These esters also reacted
with bromomethyl ethers to give di-beta-ﬂgthoxy- and di-beta.-ethoxyethyl esters

of slkoxymethylphosphonic acids.

For this paper, propyleneglycol primery monethyl ether and propyleneglycol
primery monoisopropyl ether. were used as starting maeterials. They were pre-
pared by the addition of alcohol to propylene oxide in the presence of NaOH in
conformity with the work of Chitwood and Freure (2).
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Tri-beta-ethoxy-~ and tri-beta-isopropyloxyisopropyl esters of phosphorous
acid were prepared according to the method of Milobedzki and Sachnovski (3),
as modified by Ye. N. Nikolayeva by reacting phosphorus trichloride with the
corresponding primary ethers of propyleneglycol in the presence of freshly
distilled dluethylaniline in absolute dry ether. This reaction can be ex-

pressed by the equation:

- {_ CH3~ ‘
3CH3-cl:a-cH203 + PCl3 ¥ 30635“(033)2 = (BOCHZ > cao) 31: + 30655N(CH3)2 - HC1,

OR
where R represents an ethyl or an igsopropyl radical.

-beta-isopropyloxyisopropyl esters of phosphorous
{th a weak odor resembling that of phos-

de with a tempersture increase of
obtain crystalline products

Tri-beta-ethoxy~ and tri
acid sre colorless mobile liquids w
phites. These esters react with cuprous icdi
from 20 to 41 degrees, but it wes not possible to
even after proclonged standing.

The latter ester, reacted with ethyl-beta-bromoethypropyl ether, was iso-
merized into the di-beta-ethoxyisopropyl ester of tgta-ethoxyisopropylphos_—
phonic acid. (A. Ye. Arbuzov earlier described the isomerization of the es-

terz of phosphorous acid in detail.)

hosphorous acid was reacted with sim-

Tri-beta~ethoxyisopropyl ester of D
ters of alkoxymethylphosphonic acids.

ple halogensubstituted etlLare to form es

Abramov and his colleborator in this study investigated the action of
monobromomethyl, bromomethylethyl, bromomethylpropyl, and chloromethylbutyl
ethers on tri-beta-ethoxylsopropyl ester of phosphorous acid.

The isomerization end reaction of simple halogen-substituted ethers on

this ester can be expressed as follows:

CH3~ ) ( CHz~ ~CHpOR
CHO) P+ BrCHoOR = CHO) P
(CZH5OCH2 o 3 2 Col50CHD - 3 ~EBr
CH3w g
CoHgOCH2 -~ 2 CHpOR_
CH = CH CHyOR
3 erlo 7 > 3> PL 032 + CoH;OCE,CHBrCH3.
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The di-beta-ethoxyisopropyl esters of alkoxymethylphosphonic acids thus ob- .

tained are colorless, odorless liquids.

The authors attempted to prepare tri-beta-phenoxyethyl ester of phospho-

. rous acid from ethyleneglycol monophenyl ether and phosphorus trichloride in |
' " the presence of freshly distilied dimethylaniline, but could only assume that ]
it had been formed in the reaction, which proceeded with the liberation of the .
chloride of dimethylaniline, since the  were unsble to liberate this compound
Violently increasing decomposition occurred during |

by distillation in vacuum.
the distillation, and some of the substance was distilled off. The residue iz

the flask vas converted into a thick viscous mass with an orange color, appar-
ently tracesble to liberated phosphorus. The distilled substance partially
crystallized in colorless crystals which were jdentified as phenol through the
odor, the violet color reaction with ferric chloride, and by the preparation
of tribromophencl with melting point 9k degrees. The liquid pert interacted
with cupric iodide, giving a temperature increase of from 25 to 35 degrees, &
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fact which indicated specifically the presence of tri-beta~phenoxyethyl ester
of phosphorous acid and in general indicates the presence of compounds of tri-
valent phosphorug. The liquid was again distilled, and once more underwent

decomposition. Apparently separation of phenol with formation of vinyl ester
of phosphorous acid or of mixed vinyl-beta-phenoxyethyl ester of this acid oc- *
curs, followed by polymerization of the esters. The reaction proceeds accord-
ing to the equation: ’

(063500520320) 3P -—7(:51{505 + (CH2=CHO)3P or CE, = CHOP(OCHECHEOC6H5) o°

The action of phosphorous trichloride on the propyleneglycol primary monethyl
ether resulted in the formation of a1 -beta-ethoxyisopropylphosphorous acild ac-
cording to the equetion:

- CH3NrOHY POLL = CH3 om)  POH+CoHA0CH,CHCICH, -+ 2HCL.
30,H50CH/ 3= |coHgocHy~ 72 5 3

This acid is a colcrless, odorless liquid.

The action of phosp,"';,orus trichloride on ethyleneglycol phenyl ether pro-
duced di-beta-phenoxyethylphosphorous acid:

3CgH;OCELCHOH -+ FCly = (CEH5O0CHACHZ0) pPORAC gH5OCH,CHACIF2HCL -

i
[}

As a result of distiliction of the products of the reaction, a fraction
corresponding, according t: published date, to ‘bveta-chloroetbylphenyl ester
was obteined with a 100 peicent yield. Formation of this compound confirms
that the reaction proceeds%according to the above equation.

The residue, which evidently consista of d1i-beta-phenoxyethylphosphorous
acid, apparently decompose} as 8 result of distillation in vacuum, Just as the
tri-ester does. The distilled fruction corresponded to phenol, as confirmed
by the odor, the violet co}or reaction with ferric chloride, and by prepara-
tion of tribromophencl witr. melting point 9t degrees. There remained in the
flask a thick orenge mass, probably conaisting of a polymer of divinyl-/or

monovinylphosphorous s.cid:i

(C gE5OCHCHL0) 2POE | 6H50H + (CHp= CHO)pPOH or CHp= CHO-P-0CH,CHR0-CH5
0 E

~

) An attempt to prepar; the silver salt from damp di-beta-phenoxyethyl-
; phosphorous acid was not fuccessful.

As & result of the feaction of phosphorous trichloride on ethyleneglycol
phenyl ether, accordingfio N. A. Menshutkin (%), the chloride of phenoxyethyl-
phosphorous acid -- a c(,fLorless liquid, fuming in the sair -- wvas obtained.

Experimental Part

1. Preparation oi‘\T\ri—beta-ethoxyisoPropyl Ester of'Phosphorous Acid.

i
This compound wal prepared from propyleneglycol primary monethyl
ether which had previousl) been obtained from absolute alcokol and propylene
oxide in the presence of daustic soda (2); after two consecutive distillations
in the column with a glas) adapter, a fraction with boiling point 130-131 de-
grees, ngPd 1.kosk, agl |l..891+, was obtained.
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Into & yound-hottomed flask equipped with & reflux condenser, & drop i
funnel, and an agitatcr, were placed 90 grams of the propyleneglycol primery
monoethyl etheT, 105 gramg of freshly distilled dimethylaniline, and 300 mil-
1iliters of dry ether: To this mixture, during cooling with snow and under
vigorous stirring, were gradually added from the drop funnel 39 grams of PClg.
Stirring was continuec, £2 2 palf hour. The precipitated dimethylaniline
chloride was £iltered off and washed with dry ether. The ethyl ether was dis-
tilled on a water ba*i’l, and the residue wes then distillad in vacuuil. After
two consecutive dist'llatione, & fraction with boiling point 156-158 degrees
at 9 millimeters was(:btained, Yield: 68 grems or 70 percent of the theoret-

caidiiakis

ical.

20 | 20 . . .
oy 1.43201 4 0.983; MR, 89.h; 015533061’“ Calculated MRy 89.5.

——

0.2792 8 ({ substance weighed inj 31,7 ml NeOH (T 0.2843)

(c£. Neumjm Z. physiol, XXXVIL, 129, 1902; ¥LIIL, 35, 190k; 1 wl of
this solujlon contains 0.000786 g P.)

0.1656 g{)f substance weighed in; 19.4 ml NaOH (7 0.2843)
Found % tf Pz 8.93; 9.05

celculsfed % of P: 9.11

0y H3gfP-

if Cupric Jodide on Tri—beta—ethoxyiso;:ropyl Ester of Phospho-
.»1
A

2, Action
rous A

A knon_‘xz_uantity of cupric iodide was added all at once to 2 grams of
the ester in @& tit tube; this produced an exothermic reaction in which the
temperature of tt: rescting subatances increased from 19 to 41 degrees. Then
the tube was heé .4 until the iodide hed almost completely aissolved. The prod-
ucte of the reaci.on were treated with water to remove the cupric jodide and
were then extrad :d with ether. When the ether was evaporated, & syrupy trans-
parent liquid v ained. It did not crystallize after prolonged standing.

3, Isomer ation of Tri-beta-ethoxy’ sopropyl Ester. of Phosphorous Acld
By thejiction of Ethyl-beta—bromoPropyl Ether

5.3 gfus of the ester and 0.65 grams of the ether were seeled in &
tube provided th a constrictior %o permit better cbservation of the volume
change (see D ertation, A. Ye. Arbuzov, 1914). This tube vas heatéd at 120
degrees for 9 purs with no volume change. The contents of the tube were dis-
tilled in vacyle Two consecutive distillations produced & fraction with
voiling point|52-164 degrees. i

2C . %0 . .
) L4320; dj~ 1.012; MR 87.14; °15H33°6P° Calculated MRy 86.17

k. P/ejg ration of Ethyl-beta.-bromopropyl Ether 1

ll.nt.:a flask equipped with a reflux condenser and containing 15 gramsé
of propy],faneg ycol monethyl ether were caubiously poured 13 grams of phospho-
rous trivromie. The flask was then heated on an oil beth, end the reaction
products werddistilled in vacuum. Two consecutive distillations gave 1l grems
of & fractiojwith poiling point 32-34 degrees at 10 millimeters.

2 L 40 1 zha; )
nr).amuo, Y 1.243; MR 35.26; CSHnOBY, Calculated MRy 34.7,
/l\ . l+ - |
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5. Action of Monobromomethyl Ether on Tri-beta-ethoxyisopropyl Ester of
Phosphorous Acid

Reactions in which halogen-substituted ethers acted on tri-beta-
ethoxyisopropyl ester of phosphorous acid were carried out in & round-bottomed
flask equippe¢ with a reflux condenser and a drop funnel. In this particular

exothermic reaction, 3.7 grams of the ether were gradually added tc 10 grams
of the ester. Upon completion of the reaction, the resulting mass was heated
on an oil bath at 120 degrees for 1-2 hours. Products of the reaction were
distilled in vacuum. After two consecutive distillations 4.8 grams of a frac-
tion with boiling point 165-168 degrees at 16 millimeters were separated.

220 1 h2re; af® 1.0k9; MRy T2.TL; CpoHppOgP. Cleulsted M, 72.90

0.1744 g of substance weighed in; 23.4 ml LaOH (T 0.02843)
0.12/18 g of substance weighed in; 17.1 wl NeOH (T 0.02843)
Foun.l % of P: 10.5; 10.3

Calc|lated % of P: 10.39

C12F706P

6. Act:‘m of - Bromomethylethyl Ether on Tri -beta-ethoxylsopropyl Ester of
Phogjphorous Acid

To 2) grams of the ester 4 grams of the ether were gradually added.
After heating, the reaction product wes distilled in vacuum, and 3.9 grams of
e fraction with boiling point 164-166 degrees at 7 millimeters were obtained.

o201 h312; o5 1.040; MRy T7.45; Cy3ipgOgP. Celeulated MR, 77.52

0.1/01 g of substance weighed in; 15.6 ml NaOH (T 0.028k3)
0.134 g of substence weighed in; 16.0 ml NaOH (T 0.02843)
Fom,'ld % of P: 10.2; 10.11

Caliulated % of P: 9.9

c 5290613
7. Acjion of Bromomethylpropyl Ether on Tri-beta-ethoxyisopropyl Ester
of{Phosphorous Acid

1

“pd7 grems of the ester 3.1 grams of the ether were added, and after
;ive distillations, the reaction product yielded 4.5 grams of a
fraction with boiling polnt 158-160 degrees at 6 millimeters.

Fh) . 420 . .
nf’ 1.431C; du 1.029; MRD 82,02; °11+H31°6P' calgulated MRD 82.14

1018 g of substance weighed in; 11.7 ml NeOH (T 0.02843) 1

1380 g of substance weighed in; 15.8 wl NaOH (T 0.02843)
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Found % of P: 9.02, 8.99

Calculated % of P: 9.5

cth3106P
8. Action of Chloromethylbutyl Ether on Tri-beta-ethoxyisopropyl Ester
of Phosphorous Acid

To 7 grams of the ester 2.5 grams of the ether were gradually added
and the reaction product was heated on an o0il bath and then distilled in
vacuum. After two consecutive distillations 4.8 grams of a fraction with
boiling point 210-213 degrees at 35 millimeters were obtained.

n§° 1.4309; dﬁo 1.013; MR, 86.62; Cygl3s0P. Calculsted MR 86.76

0.1170 g of substance weighed in; 11.6 ml NaOH (T 0.02843)

0.1714 g of substance weighed in; 12.1 ml NeOH (T 0.02843)

Found % of P: 7.8; 7.98
Calculated % of P: 8.1
C, H, 0P,
153376
9. Preparation of Tri-beta-isopropoxyisopropyl Ester of Phosphorous
Acid

) Propyleneglycol primary isopropyl ether was prepared from isopropyl
alcohol and propylene oxide in the presence of caustic soda (2). Distillation
was conducted in & column with e glass adapter and & fraction with bolling
point 137-138 degrees collected. Its constants were found to be nﬁo 1.4070,
dﬁo 0.879, in conformity with data from literature.

Preparation of thls-ester was carried out in analogous fashion to
the preparation of tri-beta-ethoxyisopropyl ester of phosphorous acid. In
the reaction, 50 grame of the primary ether, 51.2 grams of freshly distilled
dimethyleriline, and 150 milliliter of dry ether were used. To this mixture
during copling and vigorous stirring were added 19.4 grams of PCl3. After
geparation from dimethylaniline hydrochloride and distillation of the ether,
the remaining reaction product was distilled in & vacuum to obtain 18 grams
of & fraction with boiling point 160-168 degrees at 12 millimeters. This was
not a pure product. In & second experimwent 13 graums of an analogous fraction
were prepared. The totel of 31 grams from both experiments was then treated
with sodium metal to remove acld esters. The tri-ester was finally obtained
by fractional distillation. Bolling point was 152-155 degrees at 10 millime-

ters.

o 20 . 420 . .
n2 1.4300; 420 0.9515; MR 103.6; Cpglag0gP. Calculated MR 103.37

0.1220 g of substance welghed in; 12.8 ml NaOE (T 0.02843)
0.1032 g of substance weighed in; 10.6 ml NaOH (T 0.028h43)
Found % of P: 8.2k; 8.07
Calculated % of P: 8.1
c..H O

18739 6P
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10. Preparation of Tri-beta-phenoxyethyl Ester of Phosphorous Acid

Ethyleneglycol phenyl ether was prepered from commerclal chlorohy-
drin end sodium pheno.ate by prolonged boiling. For these syntheses a frac-
tion with boiling point 118-121 degrees at 15 millimeters was teken. In this
experiment 200 grams of the ether, 164 grams of freshly distilled dimethylan-
iline, and 500 milliliters of dry ether were used. To this mixture, under
cooling and mixing, wejs added 62.2 grams.of PCl3n The dimethylaniline hydro-
chloride was then filtered off and the reaction product distilled in vacuum.
This distillation procc}aded with & gradual but constant decomposition. Along
with thie decompositicr., the ester was partially distilled away. The residue
in the flask was a tajik orange mass. Repeated distillation of the fraction
gave an analogous vesiult. The distilled product crystallized in the condenser
and was found to %2 phenol. It gave a violet color reaction with ferric chlo-
ride, and as a result of bromination was converted into tribromophenol with
melting point 91‘//degrees., A mixed specimen did not give a melting point de-
pression. The jarious fractions reacted with curpic iocdide in an exothermic
vreaction. The,saximum temperature increase with one of the fractions was
from 25 to 35 regrees.

11. Pre/:’va.ration of Di-beta-ethoxyisopropylphosphorous Acid

/

Tc‘./BO grame of propyleneglycol primary ethyl ether during stirring
and cooling [rere gradually added 35.2 grams of PCls. The ECl which formed was
later blown pff, with dry air. The reaction product was then distilled in
vacuum, and [thrie consecutive distillations gave 25 grams of & fraction with
boiling poit(t 1!‘15-13’{ degrees at 9 millimeters.

2% 1iho70; a2° 1.049; MR 62.4; CyoHpg0sP. Calculated MR, 61.34
s M b MR, 1082305 MRy,

0.156 g of substance weighed in; 24.3 ml NaOH (T 0.02843)
0.27.’3 g of substence weighed in; 43.0 ml NeOH (T 0.02843)
Four{ % of P: 12.24; 12.46
Cal#&ated % of P: 12.20

J
C/':c;fasosl’

r-{;&ru.tion of Di-bets-phenoxyethylphosphorous Acid

12.

'l‘o/ 100 grams of ethyleneglycol monophenyl ether were added 33.2 grams
of PCly./TH: BCL wes removed as in the previous experiment, and the reaction
product jis? I1led in vacuum. A fraction with boiling point G0-93 degrees at b
aillimefrsiwae obtained.

ne 1.5258; dio 1.121; MR b2.4T; cBH9oci: 5. Calculated MR, 42.05

The);se constants check with the published data for beta-chloroethyl-
phenf ether., Yield: 4O grams or 100 percent of the theoretical. Under con-
tinune disti]"\ls.ti‘on the residue underwent constant, gradual decomposition.
The listilled hroduct partially crystallized, and was found to be phenol:

| ierric ch\..oride it gave a violet color reaction, and was brominated to
ilribromoplenol with melting point 94 degrees.

! , The regidue was 8 viecous orsnge mass.

/ |
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An sttempt to prepare the gilver salt from the residue after distil-
1ling off the ‘beta-chloroethylphenyl ether (in a separate experiment) did not
give positive results. The salt was prepsred by pouring a golution of silver
nitrate into a water solution of the residue with a small quantity of ammonia.

The deposited silver ¢rickly darkened the residue.
13. Prepsration of the Chloride of Beta-phenoxyethylphosphorous Acid
This compound was prepared, according to N. A. Menshutkin (4), by
adding 45 grams of ethylemeglycol monophenyl ether to k4.8 grams of PCly while
stirring. The HCl was btlown off with dry air and the regidue distilled. Two

consecutive fractional distillations produced 2l grams of a fractlon with
boiling point 150-152 degrees at 9 millimeters. ﬁ

220 1 5h37; @ 1.398; MRy 56.71; CglighpClpP=3. Calculated MRy 56.75
0.1040 g of weighed in substance; 16.8 ml NaOH (T 0,02181) |
0.0386 g of veighed in substance; 16.6 ml NeOH (T 0.02181) )
Found % of Ps 12.7; 13.03
Calculeted % of P: 12.97
CgHg0C1oP
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